Function and Movement of a DNA Actuator Investigated by Single Molecule Fret Microscopy  by Hildebrandt, Lasse L. et al.
226a Monday, February 17, 2014lumen represents a continuous nanofluidic network for the transport of proteins
and small molecules throughout the cells. Here, we describe a system in which
synthetic interconnected, millimeter-scale nanofluidic networks were formed
from the cooperative interaction between phospholipid vesicles and motor
protein-based transport. In this system, the energy-driven transport of microtu-
bule filaments by kinesin motors provides a "pulling force" that acts on multi-
lamellar liposomes, connected via biotin-streptavidin bonds, and results in the
formation of highly bifurcated networks of lipid nanotubes. Moreover, the pro-
cessing of microtubules by the motors enables self-healing within this system in
which nanotubes are continuously elongating and collapsing while maintaining
the overall network morphology. The size/shape of the networks can be further
modulated by regulating microtubule surface density, as well as total amount
and physical properties of the lipid. Once formed, we characterized the diffu-
sivity of the lipids and the ability of these networks to support materials trans-
port. Attachment of quantum dots to lipids within the networks suggests that the
lipids remain highly fluid, and that particle transport closely follows a one-
dimensional process when the particle density is low, and a single-file, one-
dimensional process when particle density is high. Current work is focused
on characterizing the connectivity of multi-vesicle networks and interstitial ma-
terials transport as a model system for studying biomolecular transport and
communication.
Sandia National Laboratories is a multi-program laboratory managed and oper-
ated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin
Corporation, for the U.S. Department of Energy’s National Nuclear Security
Administration under contract DE-AC04-94AL85000.
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DNA is an interesting building block for the construction of active nanoscale
devices. Movement in these structures is typically achieved through conforma-
tional changes that can be driven by DNA fuel strands or by internal changes in
DNA hybridization. In this study we investigate the function and fidelity of a
DNA actuator with 11 states using single molecule FRET microscopy. The
DNA actuator is a complex molecular DNA device capable of finely controlled
actuation through the movement of its two DNA piston arms, see the included
figure. The actuator is designed to have 10 actuation steps of less than 1 nm
each and to be locked in a desired state by the addition of specific locking
strands. Our results show that the DNA
actuator can be effectively locked in place
in several conformations with the help of
well-designed DNA locking strands. How-
ever, depending on the sequence of the
locking strands, the device can also show
spontaneous oscillations between well-
defined states. Our results demonstrate
that single molecule studies provide a strin-
gent test for the performance of molecular
machines made out of DNA.Platform: Protein Structure, Conformation, and
Solvent Interactions
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In all three domains of life, Sm oligomers interact with RNA, either as chaper-
ones or as scaffolding to facilitate RNA$$$RNA and RNA$$$protein interac-
tions. In bacteria and eukarya, Sm homologs are key for RNA metabolism,
for instance in RNA-mediated post-transcriptional regulation in bacteria. How-
ever, the in vivo roles of Sm-like archaeal proteins (SmAPs) remain unknown.
Sequence searches suggest that the hyperthermophilic crenarchaeote Pyrobac-
ulum aerophilum (Pae) encodes three SmAPs. The two known Pae Sm struc-
tures illuminated Sm protein evolution and assembly, and implied that these
homologs may represent an ancestral form of the heteromeric Sm complexes
that pervade eukaryotic RNA processing, e.g. in the spliceosome and other
RNPs. We have now characterized Pae SmAP2, the final putative Sm paralog
from this species. Biophysical characterization suggests that this SmAP2 existsin multiple stable oligomeric states, which we also detect via chemical cross-
linking and mass spectrometry. We have now determined the crystal structure
of this SmAP in multiple space-groups, revealing unexpected and hitherto un-
seen Sm assembly states. Binding assays with various small RNA oligonucle-
otides show this SmAP to be able to bind U-rich RNA, but not adenine- or
cytosine-rich RNAs.
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Lanosterol demethylase or Cyp51 catalyzes the first committed post-
cyclization step in cholesterol or ergosterol biosynthesis, making it a key clin-
ical antifungal target. Cyp51 is a member of the cytochrome p450 superfamily
of monoxygenases that catalyze key reactions in lipid biosynthesis and xenobi-
otic detoxification. Due to substrate hydrophobicity, many cytochrome p450s
catalyze difficult surface reactions near the lipid bilayer/soluble milieu inter-
face. Despite ample structural data, details of how cytochrome p450s orient
into the membrane to perform this process are not well understood. Here, we
crystallized the bitopic, membrane monospanning Saccharomyces cerevisiae
cyp51 with its membrane spanning integral membrane domain. This structure
identifies the transmembrane architecture of a membrane spanning cytochrome
p450 for the first time, identifying the likely orientation into the lipid bilayer,
and is the first structure of an enzyme with a single transmembrane domain
intact. This orientation reveals a possible substrate entry channel, and a second
unanticipated channel, the positioning of a key antifungal inhibitor, and
numerous likely interaction points with the lipid bilayer. These findings have
implications for the orientations of the 50% of integral membrane proteins
that are single transmembrane spanning, for cytochrome p450 catalysis in gen-
eral, and for the development of novel antifungal therapeutics.
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SpoIIIE, a DNA translocasemotor protein of the SpoIIIE/FtsK family, is respon-
sible for chromosome segregation during bacterial cell division. In sporulating
Bacillus subtilis, SpoIIIE aggregates as a focus at the mid-sporulating septum to
export a circular chromosome from the mother into the daughter cell. The archi-
tecture of SpoIIIE at the focus and its mechanism of operation for the DNA
translocation and the membrane fission are still controversial. Here, we directly
visualize the SpoIIIE architecture at the macromolecular scale and developed a
novel genetic tool to determine its operational mode during DNA translocation
and membrane fission in vivo. Using a combination of these genetic tools
together with quantitative single molecule imaging and fluorescence recovery
after photobleaching, we demonstrate that SpoIIIE assembles as two complexes
(~40nm size), one in the mother and one in the daughter cell. In these complexes
there are enough molecules to form either two or four hexamers. Moreover, we
demonstrate that the mother cell-SpoIIIE is able to translocate DNA and accom-
plish sporulation, even in absence of daughter cell-SpoIIIE. On the other hand,
SpoIIIE from both mother and daughter cells mediate the septal membrane
fission. Altogether, our results indicate that two hexamers of SpoIIIE assembles
into a DNA crossing channel across the sporulation septum for chromosome
segregation and septal membrane fission.
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We have solved a novel crystal structure of yeast iso-1-cytochrome c to 1.45 A˚
displaying water coordinated to the iron of the heme. This conformation of
